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XLII. Ohfervations for determining the 
Length of a Degree of Latitude in the 
Provinces of Maryland and Pennsylvania, 
in North America, by MeJ/ieurs Charles 
Mafon and Jeremiah Dixon. 

Read Nov. 24, "T N this work r the firft thing to be con • 
t?68 * Jl fidered was, how to continue a right 
line : and this was done by fetting up marks with the 
affiftance of an equal altitude or tranfit instrument (for 
it was contrived fo as to ferve either purpofe at pleafure), 
made by Mr. John Bird, of the fame conftrucTion with 
that defcribed by M. Le Monnier, in the preface to the 
fingle volume of the French Hiftoire Celefte. 

The cylindrical ends of the crofs axis of the te- 
Iefcope were laid in two angles of the fupporters, 
which rofe perpendicularly from a horizontal bar, 
that was fattened firmly to the upper part of the ver- 
tical axis. The axis of the telefcope was fet truly 
horizontal, by a fpirit level hung on its cylindrical 
ends. 

The brafs frame, which receives the vertical axis, 
was fcrewed to a poft fixed in the ground, in the di- 
rection of the line which was to be continued- 

When the vertical wire in the telefcope was 
brought to bifed any mark, it was kept in that di- 
rection, by confining firmly, between two pufhing 
fcrews, a horizontal arm that projected from a collar 
that furrounded the vertical axis ; and, to prove that 
a fmall {hock would not alter its pofition, a fmall 
7 preffure 
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preflure was applied againft one of the fupporters, 
which being removed, it was carefully noted, whether 
the wire returned again to biflecT: the mark. 

At every ftation (or mark) the telefcope was turn- 
ed two or three times after the mark was fixed in the 
line, to prove that the faid mark was truly fet. — In 
general, the diftances between the marks did not ex- 
ceed a mile, nor were they lefs than half a one. 

The telefcope magnified about 25 times. Three 
or four marks were always left (landing, and on a little 
riling ground they would all be feen in a right line, 
the vertical wire in the telefcope biiTe&ing their centers 
without fcnfible error. 

The marks made ufe of in continuing the lines 
were concentrical circles of black and white, painted 
upon both fides of a board 14 inches fquare. This 
board moved in mortices made in two pofts, which 
were drove into the ground } and, when the center of 
the faid mark was brought, by means of fignals, into 
the line, it was fattened by wedges to the pofts. 

By means of a plummet, a peg was driven into the 
ground, and a notch cut in it, under the center of the 
laid mark, in order to fecure the line. 

In the evening, when we left off, a mark wa* 
placed before, and two or three left behind us j and 
in the morning the inftrument was again fet up in 
the fame place, to prove that the marks were nor 
moved. 

The tremour of the air (caufed by the fun's rays) 
was often very great j and, to avoid any error that 
might arife from the fluttering of the marks, we in- 
termitted our operations fometimes for five or fix hours 

N n 2 in 
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in a day, and were often obliged to make ufe of the 
morning or evening twilight. 

In the continuation of the line, a perfon was left 
at the mark, behind the inftrument, till another 
mark was fet forward, to prove with a plummet that 
its center was not moved. 

The vifto cut through the woods, in this work, was 
about eight or nine yards wide, and, in general, feen 
about two miles, beautifully terminating to the eye 
in a point. 

The zenith diftances of the ftars, for determining 
the celeftial arc, anfwering to the interval of the par- 
allels of the northernmoft and fouthernmoft points 
of the lines, were made with an excellent fecW of 
fix foot radius, conftru&ed by Mr. John Bird. 

In the courfe of the work, for dividing the pro- 
vinces of Maryland and Pennfylvania, the fol- 
lowing lines were traced out, that offered 
themfelves for determining the length of a 
degree of latitude. 
In the following fig. let N reprefent the northern- 
moft point, and A the moft fouthern of the faid lines. 
Beginning at N, a meridian was traced from N to 

mil* cht- lift* 

P. = 14 64 8. In this line there were fome hills, 
which were meafured horizontally with a level, but 
the plains were meafured with a chain. 

m, ch* tin* - , 

PC = 2 79 27 j C being in the parallel of lati- 
tude with P, which was determined by the feftor. 

to. e». Ita. # 

D C a meridian =5 2 43, in which are three 
or four fmall afcents and defcents» 

The 
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The points B D E and M are in a right line. 

cha. lis* 

BD = 22 51, and the angle CDM = 86° 324/ 
nearly. Hence, 

eh. lin. 

B is fouth of D = 1 36 = D,g-. 

m. ch. lia. 

The line A B = 8 1 78 31, in which is one gentle 
rifing hill, about half a mile over ; all the reft of the 
line is an entire level or plain. 

Thefe meafurements, exprefled in Englifli ftatute 
miles and parts of the fame, were made with a chain, 
eftablifhed from a brafs ftatute yard, which was 
proved and corretted, in the courfe of the work, by 
another ftatute chain (kept only for that purpofe) made 
from the faid brafs yard. They were only defigned 
for dividing the provinces of Maryland and Penfyl- 
vania: the fame lines were re-meafured afterwards 
with wooden re&angular levels, for the purpofe of 
determining the length of a degree of latitude, as will 
appear in the fequel of this work. 

The point C was placed in the parallel of latitude of 
P, thus. Let N (fee Tab. XIII. fig. 2.) reprefent the 
north pole of the terreftrial globe 5 P and R two places 
lying in the fame parallel of latitude R C P ; P R an 
arch of a great circle=:i o' joining the faid points; and 
P N, R N two meridians. P N or the complement 
of the latitude of P being = 50 1 6' 42", the angle 
NPR or the azimuth of the great circle PR was 
found by calculation to be 89 $$' 51". The going 
of the clock being found by equal altitudes of ftars, 
the times were computed when the fame or other 
ftars would pafs the azimuth of the line P R j and, at 
the time computed for any ftar, the interferon of 
the crofc wires of the tranfit inftrument being brought 

to 
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to cover the ftar, the telefcope was turned down to 
the horizon, and a land-mark was fixed up at the 
diftance of about half a mile, anfwering to the inter- 
fection of the wires. In like manner, by other ftars, 
feveral other marks were fixed up, and the mean of 
all was taken. In this dire&ion the line PR was 
continued ; and though it was at firft intended to ex- 
tend it only to R, to the diftance of 10' of a great 
circle, it was in fa6t prolonged fomewhat further, to 
S, PS being — 12,312 miles, or io' 45" of a great 
circle. Now PC being =. 2,991 miles, or z' 37" of 
agreat circle, the angle NPC is = 89 58' $$"*, from 
whence NPS = 89 55' $1" being fubtra&ed, there 
remains the angle SPC or #PC = 3' 4", whence 
a C, or the diftance of the parallel PCR at C, fouth 
of a, mould be 14,1 feet. But it having been made 
a rule, in dividing the provinces of Pennfylvania and 
Maryland, to trace out the parallels of latitude by the 
obfervations taken with the aftronomical fedtor only, 
the fector was put up at P and S fucceffively (fee 
fig. 1.) and the zenith diftances of the ftars Capella 
a Lyras, and others, were obferved, at both places ; 
whence the point S was concluded to be 43 yards or 
129 feet = S Qjnore northerly than Pj and thence 
it was found by calculation, that the parallel of lati- 
tude PQ^at the point C mould be 454. feet, z=a C 
diftant from the great circle P S, and to the fouth of 
the fame j and the point C was placed accordingly, 
hp laying off 454 feet= aC, at right angles, to the 
line Y a from the point a towards the fouth, 

a C found by the feftor, being 454. feet, and found 
by the azimuth of the line PS being 14,1 feet only, 

it 
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it follows, that had the pofition of the point C beeo 
determined by the latter method, inftead of the for- 
mer, it would have been placed 31,4 feet more 
to the northward than it was found by the fec~torj 
and, in confequenee, the length of the degree of la- 
titude would have come out 2 1 feet longer. But the 
difference is fo fmall, that it only ferves to confirm the 
exa&nefs of the work, and renders it unnecefiary to 
enter into any confederation, which of the two me- 
thods ought to be preferred. 

The meridians NP, CD, and AM, were found 
by celeftial obfervations. The method of proceeding 
was as follows : 

To find the meridian A M, and the angle that 
the line AB makes with the faid meridian. 

The equal altitude inftrument being fet up at the 
point A, with its vertical axis over the faid point, 
equal altitudes of ftars were obferved for finding the 
motion of the clock. The time was next computed 
when fome northern ftars would pafs the meridian by 
the clock, at which inftant (fliewn by the clock) the 
vertical wire in the telefcope was brought to bifect 
the ftar ; and, the vertical axis of the inftrument re- 
maining fixed, the telefcope was turned down in the 
fame azimuth to the horizon, and a candle placed op-, 
polite to the vertical wire, as a point in the meridian. 

And the time of ftars parting an azimuth in the di- 
rection of the line AB, for determining the angle 
BAM, was found by bringing the vertical wire in the 
telefcope to bifedt a candle placed (about 1^. mile from 
A) in the line A B j the teleicope was then elevated to 
the ftar, and the time when it paflfed the faid vertical 
wire taken. 

The 
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THE RESULT OF T 


HESE 


Star's zenith diftance at the point A. 




PLANE OF THE 












In the tent eaft. 




a Lyras. 


£ Cygni. 


y Cygni. 


a Cygni. 


y Androtn. 


1766. D. 

oa. 10 
11 
12 


o 1 ll 

o 7 19,0 
7 20,/ 

O 7 22,0 


D. e ' " 

11 6 6 51,6 

12 6 6 51,0 


D. ° ' " 

10 1 3 5 2 ,3 

11 1 3 5 2 >o 

12 1 3 5!,o 


D. • ' " 

11 6: 5,5 

12 6 3,5 


D. ° ' " 

8 2 44 28,7 
10 2 44 30,0 
u 2 44 30,7 

12 2 44 27,6 


* h 

Mean 11 11 
Aberration 
Nutation - - 
Precefs. Oa. 1 
ii, 1764. J 
Refraa 


7 20,# 
I7,lt 

+ 6,12 
0,0 


6 6 51,0 
- 18,40. 
+ 4>H 
0,0 


1 3 5i,7 
— 17,33 
+ 2,92 

0,0 


6 4,50 

— 17,75 
+ 2,25 

0,0 


2 44 29,25 

— 4,0-8 

— 7,53 

0,0 


4- 0,12 


+ 6,11 


+ 1,06 


+ 6,0 


+ 2,7; 


Mean zen. dift, 1 
the ijthOft. | 


7 9,70 


6 6 42,85 


1 3 38,42 


5 59 55>° 


a 44 20,39 



plane of the 



Oflober. 

14 

>5 

16 

17 


7 
7 
7 
7 


21,0 

22.7 
22,7 
23>3 


15 

18 


6 6.58,0 
6 6 59,3 


:s 

J 7 
18 


1 3 54,7 

1 3 55,5 
1 3" 56,0 

1 3. 56,0 


14 

li 

17 
18 


6 0,0 
6 1,2 
6 6,5 

5 59 5S».5 

6 2,3 


13 

14 

15 

t6 


2 44 35,2 
44 36.0 
44 35-? 


Mean 

Aberration 
Nutation - - 
Precefs. - - - 
Refraa 


7 

+ 
+ 


22,42 

16,74 

6,13 

0,03 

0,12 




6 6 58,% 

— 18,31 
+ 4,14 

— 0,64 
+ 6,11 




1 3 55-55 

— 17.4P 

+ 2,CJB 

— 0,1.8 
+ 1,06 




6 0,70 
~ 17-93 
+ 2 > z 5 
— P»i9 
+ 6,o 




2 44 35.57 

— 4 79 

— 7.53. 

— 0,19 
+ 2,75 


Mean zen. dift, 7 
0£r. 11, 176S, j 

D° plane eait 


0. 7 
7 


11,89 

9,;o 




6 6 50,45 
6 6 42,85 




1 3 4i.9> 
1 3 3 8 >4 2 




5 5» 5°» 8 3 
5 59 55 >° 




2 44 25,3* 
' *. 44 20,39- 


Mean zta. dift. j 
OO. 11, 1766, J. 
at the joint A. [ 


Q 7 


10,79 




6 6 46,65 




i 3 40,18 




5 59 5:*.9* 




2 44 *3.i3 
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OBSERVATIONS, AS FOLLOWS: 
SECTOR EAST. 

/SPerfei. J Perfei. Capella. ^Aurig*. CalSor. 

1766. D. ° ' " o 1 n 1 11 t n 1 it 

Od. 8 i 34 54,0 8 8 33 35,0 8 7 16 21,3 8 6 z6 3,2 8 6 4 50,5 

10 1 54 53.5 to 8 33 34,5 10 7 t6 20,0 10 6 26 4,0 10 6 4 50,5 

11 1 34 55,7 11 7 16 20,3 11 6 26 4,0 11 64 49,5 

12 1 34 55,0 12 8 33 33,0 12 7 16 22,0 12 6 26 4,0 12 6 4 52,0 



1 3+ 54-55 

— 1,09 

— 8,27 


8 
+ 


33 


34>»7 
2,0 
8,40 


7 
+ 


16 


20,90 
5,48 
7,85 


6 

+ 


26 


3,8o 
6,55 
7>»5 


6 4 50,62 
— 3,52 

+ 4-7® 


0,0 






0,0 






0,0 






0,6 


0,0 


-f 1,58 


+ 




8,55 


+ 




7,26 


+ 




6,43 


+ 6,08 



t 34 46,77 8 33 36,32 7 16 25,79. 6 2 6 9,63 6 4 57,88 



SECTOR 


WEST. 














October. 
'3 
14 

15 
16 


1 35 
35 
.3.5 
35 


o,7 
0,6 
0,0 
0,0 


'3 

1; 

16 


8 33 W$ 
33 4o;+ 
33 38,0 
33 36,5 


13 

*5 
16 
17 


7 '6 27,5 
16 "29,7 
16 27,5 
• 6 29,3 
16 27,5 


'4 
15 
16 

17 


6 26 11,5- 
26 n,8 
26 10,5 
26 11,3 


14 6 4 48,9 

>5 4 47,3 

16 4 49,5 

17 4 48,4 




» 35 
+ 


o,33 

i-79 
8,2; 
0,16. 
• ,58 




8 33 38,10 

— S,4b 

— 0,1-4 
-f 8, S ; 




7 16 28,30 
+ 4.98 

- 7,85 

— 0,07 
+ 7,26 




6 2IS 11,28 

\- 6,2* 

— 7,15 

— 0,02 
+ 6,43 


6 4 48,30. 

- 3-75 
+ 4>7<> 

— 0,10 
+ 6,08 




1 34 51,69 
.» 34 46,77 




8 33 39>3* 
8 3,3 3 6 >32 




7 16 32,62. 
7 16 25,79 




6 $6 J6,76- 
6 26 9,6.3: 


6 4 S5» 2 3 
6 4 57,88 




> '3.4 49, a 3 




8 33 37>8» 




} 16 29,20 




6 26 £3,20 


6 4 56,5ft 



a 



13 

a 



I 



» 

1 

Li 

,1 

u 

«-• 4 

.c « 
*■< o 

o 2 
>2 ° 

.1.8 



.5 " 



£ 



to 



• -a 



2 3 



1= E 
'K 9 






'c <S 
1l 



O . 

SB & 



fc fc 



CO 

v> 
v> 



o 



a 

r-i' 



« o 



vs 



CO 
d 



•* O 



q 



O 00 %£> 00 oo. o V> «■» 

CI t-l Tj" M CO •* 

V) <*• ■+ co ■+ •+ "100 



+ 

V) 



+ 

VI 



+ 

v> 



s 

o 

-a 
a 
< 













•5 

3 

O 

to 


<£ 


£ 


S5 


K 


Ss 


q 




o 
co 


q 

1- 


q 


VJ 

vO 

CO 


VI 


vO 


v> 


X^ 
M" 


v> 


CO 

CO. 


« 


o 


r» 


V) 


•* 


I>» 


O 


C-- 


q 


O 


O 


V) 


vi 


M 


co 


o> 


t--. 


CO 



»s{-4 m»*> >-<:« Mfrt »mM 
CI O CO V> t-, Tj-sO O^ O O* ^*- **V 
CON dC*C*. ^"CHpJMwCO 



+ +• 

Vj V) 



M O 



o 

V) 



+ ! 

to VI 

>o CO 



a. 



a g- 



3 
O 



« 

-a 
v 

£ 

o 

-a 

S 
< 



3 



V 



o 



ttf 



© 







4-* 












s 






1— 

o 












o 






% 












00 






r-~ 


o 


q 


fo 


rs 


N 


q 


1 

M 


^ 






cs 


,T 


ri 


00 


1- 


-^ 


m 


« 




*«- 


« 


CO 


i l 




"1 


vO 


v) 


i-~. 


(--. 


co 




P*cK 




*4 






<*• 


U"> 


co 


<l'-3 


















U t 





* 


o 


r^ 


w-i 


•+ 


r^ 




•S'a 


















Si -a 




t^ 


q 


q 


r~» 


f^ 


00 


q 


¥ ° 22 




«o 




M 


ccT 


li 


w 


c? 

+ 


-> 


>o 


M 




»-* 


M 


W 




O S.B 


^ 


o 


»■* 





« 


« 


M 


m 



c*> 

o 

CO 



£ E 



.5 o 

SI 

Is 



"0 

CO 


d 


co 


1 

V 


co 


00 

co 




vO 


v> 


1-^ 

^4- 


05 


co 
to 



to 
co 



O 
M 



CO 



VO 



o co co 

« «* *> 

SO Ps, ►. 

•" « <S 



I n|«mwm|«hW I -"t'Ufi.L In 
COCO'+-"CI>-<»*v)-CO'«l-CO ~' 

t>o© r>.\o iflinNO> 0">vO vO w> «o t> 



m o 



«n t~-oo t^ rx *V»ooe oo no rj- <■»» 



+ 

vo 



+ 



+ 


1 


+ 


»o 


«/> 


O 


»o 


CO 





+ 

o 



+ 

«o 



a m O r- 



-+ f» 



+ 1 + 1 
v> y» co 



vi 





M 




■X3 


Si 


O 


E 


E 


1 


s 


« 


n 


* 


< 



£ 



«a 



Q 



a. 

o 



M 



o 

3 



■s 






N .!> 



S 



«tt 







9 S 

< ■•a 



301 ft *♦ 



o 

CO 



I 1 

S8.§ 



a I 

2 "8 



1.8' 



s 
I 

*#. 









-a 

3 
O 

U 



H-J 





O 


VO 
11 


C-l 


VO 

co 


O 

CO 


vO 


vo 






VO 


CO 
CO 


o 


«-» 


in 


vo 


•+ 


t^. 




CO 

d 


CO 
v£J" 
VO 




CO 

VO 
CO 


o 

CI 



+ I U« I mm I +4- 

•<♦■ N O00 lovovoroo " Ooo 

•$■ vo ci co vo co 

>£► r-~ r--00 +t^i|-H r-» On O *-" 



+ 


+ 


+ 


i 


+ 


1 


vo 


vo 


VO 


VO 


VO 






■>* 


vo 


VO 


co 



P-1 



p 



u 

3 



O 



u 



CO 


83 


d" 

to 


<o 
o 






V0 


vo 


M 


"• 





r» 


q 

CO 


00 
^1- 


d 

CO 


to 

d 



rh O »- »•< xo c^vo ?■>• 

"**• •*■ ** *•* CI 



+ 


+ 


+ 


+ 


o 


•o 


vo 


vo 


cs 


H< 







v »* O 






<a O U P 



S 
o 
*-. 
-a 
C 
< 



N CO 






« «6 »t 



«-r> 

O 



1 § 



« a 

Si -5 
2 9"' 

i£ I I 

C ft. u 



6 S 



SB 






S 

iS 



in 



r^ 
i-^. 



co 









I + I 

O U"i "> 

IT) lo CO 



o V) 



o 



BO 

3 






CO 


O 


M 


»o 





to 


n 


V) 


O 


lo 


4 


CTi 


"I 


CO 


CO 






d 


i^ 


f- 


CO 


»-l 


VO 


\o 


■+ 


>0 


CO 












CO 


o 


V-| 








>o 


^h 


O 


CO 




CI 



O" 



vo 






«o 



O 



w 



VI SO 



CO 


00 
N 


CO 


J5 

w 


vO 


io 


w 


o 


-* 



lO vO 



CO oo 



CO 



» d h «m iictCO 

«o COOO o o^ — « « >*0 *$• 


1 ] *, 1 +■ 

■ij-O es «*» ■+ co 

M C* TJ" C» M W 


+ + + + 1 

o "i vj vn o 


' + + + 

VO vrj >A 

» in 



M O 



V> 



w O 



f Jo 

(3 O Q 






6 
u 
<J 

Q 

vO 

JT » 



lo sO 






c» 



H 

5J 

a 

o 

w 

-a 
a 
< 



Q-i 



8- 



« 

"8 
E 
2 

c 
< 



CO 






H 

.£? 
"C 



«*. sa. 



> 

* 

►a 
J? 



;* o+ ♦» 



i?66 4 
December 
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*7 

21 



a Lyra:, 
a » // 



I 21 42,0 
I 21 43.iT 
1 21 41,7 



PLANE OF THE 
y Androm. 



'3 
16 



1 15 £4,8 
1 '5 5S'<> 
» '5 S5>7 








Pe 


rfei. 







t 


it 


13 





6 


20,3 


If 





6 


21,7 


16 





6 


21,0 



19 06 20,2 



Mean 


1 21 42,40 


1 15 S5»l7 





6 20,80 


Aberration 


+ 2,20 


— 11,76 


■—- 


9,20 


Deviation 


— 5,66 


— 7,60 


— 


8,19 


Precefs* 


+ 0,48 


— 3,12 


— 


2,64 


Refraction 


+ i,3& 


+ 1,26 


+ 


0,10 



Meanzen.diit.CcT;. 11,1766 1 21 40,78 



1 IS 33.9S 



o 6 0,87 



PLANE OF THE 



1766. 
December* 




24 
27 


1 21 36,0 
21 35»3 


24 

1 

28 


• •••»• 

1 16 4,8 
16 4,0 
'6 3»7 


21 

24 

2 l 
28 





6 29,7 
6 30,2 
6 29,5 
6 28,5 


Mean 

Aberration 

Deviation 

Precefs. 

Refraction 


176c 

10a 

N. 




1 21 35,65 
+ 0,15 
— 5.66 

+ °rS3 

+ 1,36 




1 16 4,17 

— ",63 

— 7,60 

— 3.76 

-Jr 1,26 







6 29,48 

9>5 6 
8,19 

3.05 
0,10 


Mean zen. dift. Oft. 1 1 , 
D° Plane Eaft 




t 21 32,03 

r 21 40,78 




I 15 42,44 

» H 33>9S 








6 8,78 
6 0,87 


Tree mean zen. dirt. 11 
1766, at the point 
D° at the point A. 


•} 


1 2.1 36*42 
O 7 10,79 




1 15 38,19 

2 44 23,10 





1 


6 4,87 
34 49* 2 3 


Difference 




j 28 47,21 
28 44,91 
44,40 
43.98 
4.5.09 
44>34 




1 28 44,91 1 

the true celeih'al arch be 
points N and A. 


28 44,40 


Mean 


=r i 28 44,99 




tvreen the 
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SECTOR E 


AST. 












JPerfei. 

O t 11 


Capella. 
/ » 




Aurigse. 
• i ft 




Csftflr.' 
/ n 


■3 


7 5 *>o 
5 3.o 
5 2,0 


13 5 47 4 2 »o 

15 47 41,0 

1 6 47 41,3 


:i 


4 57 *7»° 
57 *7>7 


IS 


7 33 36.5 
7 33 38,z 


r 9 


5 3.7 


19 47 44,0 


19 


57 *7>3 


19 


33 38,7 




7 5 3 >67 

— 8,6i 

— 8,26 

— 2, 26 

+ 7.08 


S 47 4 2 »° 8 

— 3,20 

— 7.5* 

— 0,9$ 
+ s, 80 




4 S7 *7>p 

— 0,00 

— 6,75 

— 0,29 

4- 4.95 




7 33 37«8° 

— 3.78 
+ 4,20 

— 1,25 
+ 7.55 




7 4 50,62 


5 47 36.21 




4 57 24.64 




7 33 44.S« 



SECTOR WEST. 





21 

24 

2 7 


7 
7 


5 i°>3 
* io.5 
5 9.7 


21 
24 

27 


5 47 5 a «8 

5 47 52.3 

47 5*»° 


21 
24 

28 


4 57 35.3 21 
57 35.° 24 

57 35.6 


7 33 30»0 
33 30.8 














7 


5 T o»«7 
9»37 
8,26 
2,56 
7,08 




5 47 5 2 >°3 

— 4,24 

— 7>S* 

— 1.09 
+ 5.80 




4 57 35.30 

— 1,60 

— 6,7$ 

— 0,32 
+ 4.95 


7 33 30,40 
~ 3.5* 

+ 4>20 

— 1.36 
+ 7.55 






7 
7 


4 57.o6 
4 50,62 




5 47 44., 9 8 
S 47 36.21 




4 57 3U$S 
4 57 24.64 


7 33 37^1 
7 33 44.52 






1 


4 S3.84 
33 37.82 




5 47 40,60 
7 16 29,20 




4 57 28,11 
6 26 13,20 


7 33 40.90 
6 4 56,56 






1 


28 43,98 




1 28 48,60 
this being a 
little wide of 
the reft it 
left out. 

Rr 


e 


1 z8 45,09 


I 28 44,34 



t 3°8 3 



The following are Observations made at the Points N, and near P, in the. Year 1764 : 
But the.Length of Time between thele, and thofe made at A, being near three Years — 
probably the Set made at N, in December 1766* may be belt to be ufed in deteimining 
the Length of a Degree of Latitude. 

' ~ " STAR'S ZENITH DISTANCE^ 



SECTOR IN THE TENT, PLANE EAST. 



j 764. 



January. 



y Andromeda;. £ Perfei. a Perfei. 



i Perfei. 



17 

'9 
20 

21 

21 



Mean, January 
Aberration declin. 
Deviation D° 
Precefs. fr. 1 Jan, 1764. 
Refraction 
Obfervatory 8° of Tent 



Mean zen»dift. 1 Jan. 1 764 



20 



o 

I 

• • 

I 

I 
1 



'5 
•5 



2,2 

»>3 
1,2 



150,0 o 5 400 74 29,5 

5 39,6 7 4 Jl.O 

5 39.o 9 3 47»o 7 4 3°.* 

5 37.J 9 3 49.7 7 4 3°» 8 

o 5 38,0 . . .... 74 31,0 

1.2 o 5 38,8 9 3 48,3 7 4 30,5 
jo.o — 9,1 — j 1,4 — 10,4 

3.3 — 5>7 — 6 > 2 — 6 -7 
1,0 — o,8 — 0,7 — 0,7 

1.4 + 0,1 + 10,5 + 8 >3 
0,3 + 0,3 + 0,3 + °>3 

1 14 48,6 6 5 23,6 9 3 40,8 7 4 21,3 



1 »5 



+ 
+ 



SECTOR IN THE OBSERVATORY, PLANE WEST. 



January 



% 



26 

27 
28 
29 



1 15 4,7 05 41,7 74 32,8 

1 15 5,7 o 5 41,0 9 3 57,0 

1 15 4,5 o 5 44,0 9 3 57,5 7 4 33.o 

1 15 5,5 o 5 44,0 9 3 55,3 7 4 32,7 



Mean, January 
Aberration in Declin, 
Deviation D° 
Precefs. from ijan. 1764 
Refraction 



*7i 



1 15 5,1 o 5 42,7 9 3 $6,6 7 4 32,8 

— 9,0 — 8,6 — 1 1,1 — 10,3 

— 3»3 — S'7 — 6,2 — 6,7 

— 1,3 — i,i — i,o — 0,9 
+ 1,4 + 0,1 -f- 10,5 + 8/3 



Meanzen.dift. I Jan. 1 764 
D° Plane Eaft 
True zen. dift. at the point \ 
N, i Jan. 1764. J 
Precefs. to Oft. 11, 1766 



1 14 52,9 

1 14 48,6 

1 14 50,8 
+ 49>45 



o 5 27,4 
o 5 23,6 

o 5 25,5 
40,56 



9 3 48,8 
9 3 40.8 

9 3 44.8 



7 4 23,2 
7 4 2 '.3 
7 4 22,2 

+ 34>6i 



Reduced to Oft. 11, 1766 



15 40,25 o 6 6,06 74 56,81 
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*•* Z. DIST. AT THE POINT N. 



PLANE WEST. 



1764. 

January, 
Feeruary. 



Mean 

Aberration in Declin. 

Deviation 

Precefs. from 1 Jan. 1764 

Refraflion 



30 



z-7 


S 47 4 6 » 8 


28 


5 47 47»° 


29 


47 4 6 >7 


2 


47 47> 8 


3 


47 44.7 



28 

29 

Feb. 2, 



4 57 38,4 

4 57 36,4 

57 38,0 



4 57 36.8 
4 57 36.2 



Capella 8 Auriga:. Caftor 

Jan. 

27 

28 

Feb. '. '. '.'. '. . 

3 7 33 6,6 Ab. 

5 7 33 4.8 Dev. 

6 7 33 5.S P'«- 
8 33 6,8 Refr. 

Feb. 

• 1 

*3_ 

5 47 46,6 1 4 57 37' 2 5l 7 33 5>9 12 

— 7.4 — 5>7 — °> 6 

— 8,8 — 9.2 + 9' 1 

— 0,4 — o,i — 0,7 
+ 6,7 + . 5.8 + 8,8 

5 47 3 6 >7 4 57 2S >o 7 33 22 <5 

Mean 



a Lyra:. 



1 21 57,5 



i 24 57,3 

— 9.5 

— 9>4 
+ o,z 
+ 1,5 

1 2i 40, i 



1 22 
1 22 



3.8 
'.3 



2*5 

13.0 
9.4 

°»3 
'»5 



Meanzen.dift. 1 Jan. 1764 



i 21 41,9 

I 21 40,1 
I 21 41,0 



February 



Mean 
Aberration 
Deviation 
Precefs from 
Refraction 



Jan. 



20 
21 
22 



PLANE EAST. 



Feb. 

18 

5 47 39>° 20 

5 47 38,7 2' 

47 38,0 22 



4 57 35.7 

4 57 34-7 

57 35>° 

57 35>* 



Feb. 
16 1 22 8,2 



20 
21 

22 



7 33 

7 33 

33 



7.3 
6 '3 
5-7 



20 1 22 ie,£ 

21 1 22 8,8 

22 1 22 9,8 
26 1 22 10,8 



S 47 3 8 . 6 

— . 8,0 

— 8,8 

— 0,7 
+ 6,7 



21 



4 57 35.2 

— 6,9 

— 9.2 

— ■ o,z 

+ S.8 



21 7 
+ 
+ 



33 



6,4 

o.5 
9»« 
°.95 
8,'8 



22 



+ 

+ 



9,6 

14.8 
9.4 

o.35 
'.5 



Meanzen.dift. 1 Jan. 1764 5 47 27,8 4 57 24,7 7 33 23,8 1 21 47,3 

D° Plane Weft 5 47 36,7 4 57 28,0 7 33,22,5 1 21 41,0 



Truel zen, dift. at the point 1 
N, 1 Jan. 1764 / 
Precefs. to Oft. n, 1766 



5 47 3 2 >3 

+ 14.56 
5 47 46,86 



4 57 * 6 «3 
+ 4.28 

4 57 3°>S 8 



7 33 23 I 
+ 18,9.7 

7 33 42.07 



1 21 44,2 

- 7'Q3 

1 *i 37>»? 
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Stars Zenith Diftances obferved at a Point 7 chains 91 links North of P, 
PLANE EAST. 



»7'4' 

May. 



9 
»3 



Capella. 

o 1 >t May 

6 o 39,8 6 

6 o 28,3 7 

6 o 29,0 9 

6 o 30,0 11 
12 



a Lyra. 

1 n 

1 9 10,5 
9 10,0 

^.S 

0,0 



May 

"3 

Ab. 
Dev. 
Prec. 
10,0 Ref. 



£ Cygni. 

O / II 

4 S° 6 '3 

+ H.9 

+ 8,74 

— 3.°S 

+ ■ S>° 



May 
>3 



7 Cygni. 

o / " 

O 12 59,5 

— 1 5,0 

— 8,1 

+ 4»° 

+ 0,2 



a Cygni. 
May ° ' " 

10 4 43 0,8 

11 4 42 58,2 

12 43 2,7 

13 43 0.0 

Hi 







*3 7>7 




4 So 3M 




012 40,6 




Maanof} 
















the ift >lo 


6 29,3 


10 1 9 9,6 


May 






mean 4 43 


0,4 


fett J 
















Aberration 


— 1,5 


— 12,3 


19 


4 ;o 8,0 


19 


13 0,0 Ab. + 


16,5 


Nutation 


— * 9»° 


— 9>+ 


zo 


4 So 9>° 


20 


12 58*0 Dev.+ 


7.6 


Precefs. ft. 1 
1 Jan. 1 764 J 
RefracV 


■— >»9 

+ 7.o 


+ .1,1 

+ 1,2 


23 

2 5 


So 1 1.3 
50 9,6 


23 
*5 


12 57,0 Prec— 
12 56,0 Refr.+ 


4.5 
5-5 


True sen. T 
















dift. j Jan. V 


6 23,9 


1 8 $0,2 


22 
• Ab. 


4 So 9>5 
+ 13.2 
+ 8,74 


22 


12 57,75 mean 4 43 

— 13,5 May — ■■ — 

— 8,1 19 4 43 


2 S»* 


1764. J _ 






Nut. 




1.0 








Prec. 


— 3^5 




+ 4>3 20 43 


«»5 








Reft. 


+ S,6 




4- 0,2 2} 43 

_*— 2f 43 


o.J 
2 »3 








mean 


4 S° 33>8 




12 40,6 — — 










Mean 


1 




22 










of the 


?4 4~3 2 >5 




12 40,6 mean 4 43 


i>3 








above. 






Ab. + 


«4»9 






True zen.dift. 1 J 


[an. 


I 




Nut. + 


7 ,6 






1 764, from the mean of j 


f4 SO 33>«5 




12 40,60 Prec. — 


4.8 






all the five obfefvations. , 


\ 




Refr. + 


S'S 



May a LytXi 



22 

mean 4 43 24, ^ 
Mean of 1 
the above J *" 



J9 » 9 4.3 

23 9 3.8 

H 9 3.7 

Mean of the 2d fett 22 1 9 4,3 
Aberration — 9>S 
Nutation — 9>4 
Precefs. + , » I 
Refraaion + 2»i 
Mean 



True sten. dift. 1 Jan. "J 
i 764, from the mean of >• 
all the obfervations j 



4 43 2S." 



Mean above 

Mean of all the ob- I 
fervat.ijan. I764_[_ 



1 8 47,7 

8 SQ.», 



1 8 49,0 
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Star's Zenith Diftances obferved at a Point 7 chains 91 links North of P. 
PLANE WEST. 



1764. 


Capella. 
1 a 




a Lyras. 
1 11 




^Cygni. 
1 n 




y Cygni. 
/ a 




« Cygni. 

i'°n 


May © 28 6 32,7 27 
June 1 32,3 28 
5 3'>7 J une 
3 


1 08 59,0 
8 59.5 

8 58,0 


27 
28 

Jun« 
3 


4 50 14,8 
4 5° 5'.° 

50 15,0 


26 

27 

28 
June 


12 52,6 
12 51,0 

12 51,0 


26 
27 

28 
June 


4 4* 4>3 
43 4> 2 

43 4-0 






4 
6 

7 
8 


8 59,8 
8 58,2 
8 57.3 
8 57.3 


4 

i 

8 


50 '5.3 
50 16,8 
50 16,3 
50 18,0 


3 
4 

6 

7 
8 


12 51,0 

« 5°>3 
12 49,8 
12 50,0 

12 49,0 
12 48,0 


3 
4 
5 
6 

7 
8 


43 7.5 
43 54 
43 6,5 
43 7.8 
43 8,0 
43 8,3 


Mean 
Aberration 
Nutation 
Precefs. from 1 
1 Jan. 1764 J 
Refraftion 


160 32,2 
+ 1,4 

— 9.0 

— 2,2 
+ 7>° 


3 


1 8 58,4 

— 6,3 

- ~ 9.4 

+ i.t 

+ 1.2 


3 


4 5° '5-9 
+ 10,4 
+ 8,74 

— 3.40 
+ 5.6 


3 


12 50,3 

— I I.J 

— 8,1 
+ 4.6 
+ 0,2 


3 


4 43 6,2 
+ 12,8 
+ 7.6 

~ 5.2 

+ 5,5 


Mean zen.dift' 




















I Jan. 1764 
at a point 7 
ch.91 lin. 
D°. Plane .Eaft 


> 6 29*4 
23,9; 




1 8 45,0 
! 8 49,0 




4 5° 37.H 
4 5° n^*, 




12 35,7 
12 40,60 




4 43 26,9 
4 43 25,0 


Truezen.dift. ' 
i Jan. 1764 
at a point 7 
cha. 91 lin. 
North of P. 

Precefs. to 11 
Oft. 1766 


> 60 26,60 
+ 14.56' 




1 8 47,00 
— 7,03 




4 5° 35> ! 9 
+ 25,03 




12 38,20 
~ 30.75 


4 43 25.95 
+ 34.59 


True zen.dift. ' 
1 1 Oft. 1766 
D°. at the " 
point A 


• 6 41,16' 
•'7 16 29,20 




1 8 39,97 
+ 7 I0 .79 




4 5° 58.22 
6 6 46,65 




012 7,45 
1 3 40,18 


5 


4 44 0,54 
59 52,92 


Difference 


1 15 48,04" 
1.5 50,76 

48.43 
47.63 
52.38 


1 15 50,76 1 15 48,43 
, Arches by different Stars 




1 »5 47.63 


1 


*5 52.38 



Mean - 



1 15 49>45^:the cekftial arch between the point 7 cha, 91 lin. N. of P and the point A 
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Remarks on re-meafuring the Lines with two rectangular 
Levels, or meafuring Frames. 

The levels »fed. in this work were, each, 20 feet in length, and 4 
feet in height. They were made of pine, an inch thick, and in form of 
a rectangle ; the breadth of the bottom board was j± inches, that of the 
top = 3 inches,, of the ends == 4I inches, and the bottom and top were 
ftrengtherfed with boards firmly fixed to them at right angles. The joints 
were fecured with' plates of -iron, and the ends were plated with brafs. The 
plum'b lines ufed in fetting them level, were = 3 feet and 2 inches in 
length, and hung in the middle of the levels, being fecured in a tube from 
the wind, in the mariner of carpenters levels; wherefore we called thefe by 
the fame name. 

When the plumb-line bife&ed a point at the bottom, the ends were 
perpendicular. 

Where the ground was not horizontal, or there were logs, &c. to pafs 
over, one end of the level was raifed by a winch and pully. 

The level being fet, afliortftaff was drove into the ground (very near 
and oppofite the plumb-line), in the top of which moved a thin plate of 
iron, about 12 inches long ; at the ends of which were points, which were 
directed to the interfecYtons of lines, drawn on the board that covered the 
plurhb-line. By bringing the points in a line with one of the faid inter- 
ferons, if the level was by accident moved, it might be difcovered, and 
brought again to its place. 

A level being thus marked, the end of the other was brought in conta& 
with it, and marked in the fame manner, before the firft was moved ; the 
firft was then taken up, and fet before the laft. And fo the operation was 
continued. Mr. Dixon attended one plumb-line and ftaff, and I the other. 
The meafure was carried on in a ftrait line, and in the proper direction, 
by pointing the levels to the fartheft part of the vifto that could.be feen ; 
this was rea'm'iy arid accurately: done, on account of their lengths. The 
levels were frequently compared with the brafs ftandard, of 5 feet, provided 
for that purpofe, and the difference was noted between 8 times the brafs 
ftandard, and the length of the two levels taken togerher ; as may be feen 
in the 3d and, 4th columns of the following table. This difference ferves 
for reducing the meafure taken with the levels, to what it would have been 
if it had been taken With the brafs ftandard itfelf; fee column 6th. For fa- 
cilitating this comparifon of the levels with the brafs ftandard, pieces of brafs 
were fixed into the bottom boards of the levels, on each of which was 
drawn a faint, line.* And one tenth of an inch at the end of the brafs ftan- 
dard being divided into ten parts or hundredths of an inch, the difference 
between eight times the brafs ftandard, and the two levels joined together, was 
wfitb. the help Of a magnifying glafs of a fhort focus, determined to great 
accuracy. Moreover, the brafs ftandard being liable to alter with the changes 
of heat and cold, a further corre&icn becomes neceffary on that account, in 

order 
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©rder to reduce themeafures to the temperature of 62 of Fahrenheit's ther- 
mometer, which is the term to which the former operations of this kind 
have been leduced. For this purpofe, the rate of expanfion of brafs is taken. 
from Mr. Smeaton's experiments, made with a pyrometer of his invention 
(fee Philof. Tranf. Vol. XLVIII. Part II..) which is T £J.|. 5 . th of an inch 
upon a length of one foot for a variation of 180° of Fahrenheit's thermome- 
ter •> whence the expanfion anfwering to four times the length of thi brafs 
ftandard, or 20 feet, or the length of one level, would be ^-^^ of an inch 
for the fame difference of the thermometer ; and T ^y j * 575 .A of an inch for 
i° of the fame thermometer. Therefore,, in order to find the correction of 
column 7th, the conftant quantity ,00258 was multiplied by the difference 
of 62, and the degree of the height of the thermometer; and that product, 
again multiplied by the number of levels meafured, gave the correction re- 
quired in inches and decimal parts of an inch 5 which was additive or fub- 
tractive, according as the thermometer was higher or lower than 62 degrees. 

In the following Procefs, the 

1 and 2 Columns contain the time of the day, M fignifying morning, A 

afternoon. 
2 _ _ _ - the height of the thermometer at D°. 
4 . — - the quantity, in hundreth parts of an inch, that the two 

levels, taken together, were more or lefs than eight 

times the brafs ftandard, or 40 feet. 
^ . . — the number of levels meafured between the times, that 

the levels themfelvea were meafured with the brafs 

ftandard.. 

6 - - - - the corrections, or quantity in inches, to be added to, 

or fubtracted from, the number of levels meafured 
each day, arifing from the levels being more or lefs 
than the brafs ftandard. 

7 . .... the correction^ or quantity arifing from the thermometer 

in inches. 



Began, at the point N, to re-meafure the lines with two rectangular levels, 

20 feet each in length. 

1768 1234 5 6 7 

February h 

$ 23 10 M 52 +,12 203 +12,18 — - 4,97 

A 53 +,12 



The breadth of Bran- \ R „ 
diwinethe ift time J °> l ° 

D°azd,wherewecroffed 12,20 

Vol. LVIII. S f 



+ °>49-l. 
+ 0,73 J 



o>47 



C 3H ] 



t?68 


i 


2 3 4 


5 


6 


7 


ebruary 


t> 














D° a third time 


9.87 


+ 0,39 


— 0,20 


U 


9 


M 54 +,oS 










if 


A 44 +,12 


3*5 


+ *6,2| 


—13.41 




5 


39 +>3»J: 











25 
















26 


9I M 40 4,12 
4! A 45 +,n 


247 


+ 14,08 


—12,42 








27 










Rah. 







28 















29 8J M 40 +,cS 80 Rain in the af- 

-4- 3j2o — 0,41 ternoin. 



March 1 9j « 3J + £3 320 + 35 , 2 o -.0,64 



M 32 -j-,20 aoQ +IS lo ^ IOjs8 



1 A 51 +,'0 
5I 48 +,115 



170 + 9»°9 — 5 



3 8f M 40 +.185 Q + I?t8a _ IO) 68 



2 A 4 8 +,ii 5 ^ Q +%8(I0 

5 4I +,145 



4»33 



4 8| a 1 3 « 1 , !2 aco + I 7'5° -14,19 

J, A * t'J8 5 'SO +««9° — 8 ^ 



8 M 27 +,18 22Q + . l5 „ I5 g g 

i A 41 j-,12 4. g 40 _ 8 . 3 6 

5| 2-9 +.165 



D 



7 si m 28 +,155 oco , K „ —18,70 v "y dr y. 

' » A o« X no 2 5° +'5,37 lo, 7 u winds wuh 

2 :£ +>°9 90 +44I -5,80 froft> 



5? 36 +,i°S 



8 8 M 36 +,103 + 3>8 _ I0 ,68 

if A 52 —,037 * __ lj02 _ s>94 

5i 45 +» ° 6 
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1768 ia34 5 6 7 

March h Here fubtraa 4 

9 8| M 5. +,065 __ 2 inches, for go- 

2 A 66 — , 11 [Z. i r« oJ! mg round tne 

5f 52 +,015 U0 ~~ *' 5 * 5 corner of a barn, 



10 81 M <8 — ,or 

of A 61 -,03 T 79> 2 ~ *»79 - *»'5 

This reached the point P. 

Hence NP= 3914,45 levels + 199 02 inches — 178,40 inches = 78190 72 feet. 













Began 


1 at the Point C. 






5 


11 


11 


M 


60 


— >04 


137,15 — 2 74 — 0,71 


Rain. 




h 


12 


9 
1 

Si 


M 
A 


5 2 
S3 


+ »07 
"K01 
+,08 


108 4- 2>i6 — 1,9-5 
*5 6 + 3>5* ~ 2 » 61 









13 

















f 17 Began where we left off, on the 12th inftant, to meafure as before. 

IO M 34 4-.D9 ' + col — 8-cr 
2 A 40 +,00 ^ I 5 ' 9+ »>5* 
5 36 £08 * 44 + 6 ' t2 ~ ^ 

18 81 M 36 +,085 , , , ., 

2" A 42 + 03 * 64 i 7 ' 6 | ~ 15 ' 56 

' " ' ' * . < 1 " • m i 1 ■ 

9 V Noon^ Ijl; i4 5 233>35. +14,93 ^7»*5 

This reached the point D. 
Hence CD = 1330,50 levels J- 41,63 inches — 64,95 inches =: 26608,06 feet. 



From D to g =: 1 chain, and 36 links found befcrej == 89,76 feet. 

Q 20 Sent to Pniladelphia, about 40 miles diftant,, for tents, &c 

T4- 24 Began at the point B, to meafure the line A B.. 

ij M. 49 —,08 132 — 5,28 — 4,42 

? 25 



» 2fe { N 6° n A g g& »">°5 +»,S* -*»53 

O 27 

S fa 
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t;68 
March 

D 28 


« 2 3 


4 


5 


6 


7 


Sr;ow\ 


6* 


29 


8 M 40 
2 A 47 
5§ 40 


+ ,I9 
+,09 
•+,11 


264 
264 


-f, 18,48 
4-, i3> 2 


— 12,60 
— 12,60 


Compared two 
thermometer* j 
they agreed 
within one di- 
vifion. 


s 


30 


8i M 38 
aj A 61 
61 45 


+»«4 

+,025 

+ ,IO 


288 
192 


4-11,95 • 
4- 5»95 • 


- 9>28 

- 4>4& 




^ 


3i 


8f M' 45 
2 A 62f 
6| 49 


+ .15 
H-,io5 

4-, 17 


204 
192 


4-12,85 • 
4-13,15 ' 


— 4,21 

— 2,97 


By accident one 
of the thei mom. 
was broke. 


April 


8 M 39 
2 A 52 

6 35 


+.'95 
+ .19 
+.19 


3*4- 

204 


+31,10 
+ 19-38 


-13,79 
~ 9>73 




h 


2 


9 M 40 
2$ A 46 

6| 37 


+,18 
+,14 
+,15 


228 

168 


4-18,24 
4- 1 2, 18 


—11,17 
— 8,88 







3 














2 


4 


91 M 38 
3 A 5 t 
6 36 


4- .04 
4-, 12 
+»i3 


312 

192 


4-12,48 
4- 12,00 


— 14,08 

— 9,16 


Snow in the 
evening. 


6* 


5 












Snow. 


g 6 8§ M 37 +,14 
3 A 51 +,13 
6i 38 +,13 

Crofled Bohemia river obliquely = 


228 4-i5'39 
204 4-13,261 
33^75 + 2.2 1 J 


— 10,58 
— 10,70 




V 


7 












Snow all day, 
and froft at 
night. 


? 


8 


ri M 37 

6| A 40 


4-,*3 
+»i5i§ 


. 396 


4-38,02 


—24,01 





1768 

April 

<& 9 
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i 

h 

9 

2 

6 



M 44 +,165 
A 57 co 

5 1 +>°2 



192 + 7,96 — 5,69 

204 + 1,02 — 4,21 






10 
















* 


11 


9 


M 
A 


59 

66 

59 


—,017 

-,16 

-,10 


288 
228 


— 12,81 • 
•—14,82 


+ °»37 
+ 0,29 


s 


12 


8 

3 

6 


M 
A 


47 
70 
60 


— ,02 

—.14 
—,03 


348 
*5 6 


—13.92 
~ 6,63 


— 3' r + 
+ 1,21 


V 


*3 


9 
1 
6 


M 
A 


64 
76 

•64 


—,08 
—,105 
— ,07 


240 
156 


— 11,16 
- 6,86 


+ 4.95 

+ 3>22 


% 


14 


8| 
4i 


M 
A 


53 
53 


—,02 
00 


396 


~ *>98 


— 9>*9 



15 9 M 45 +,18 264 



Rain in the af- 
ternoon : this 

two feet deep, 
for half a mile. 



16 8 M 46 +,20 r 

4 A 56 +,205 39 & 



+39.99 —".23 



© 17 

D 18 8| M 52 +,nf 

Noon 67 —,02 T „„ 

6i A 50- -,01 J 9 2 



264 



+ 6,20 — 1,70 
— 1,44 + 0,24 



19 8| M 53 +,oi 

3 A 74 —,075 **+ 
after 3" aft. 132 



9,50 + 2,23 



20 



«f . M 57 +,025 

.{ A 7« -,065 I \\ 

H 61 — ,02 



~ 3^2 + 4.43 
~ 4»54 + 4.»8 
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ij68 


I 2 S 


4 


April 


J» 




n ai 


H M S« 


+>o6 




*1 A 75 


+*oa 



264 
aft. ii A 132 + 7,92 4- i,S3 



Left off I if a 
fwamp of wa- 
ter 18 inches 
deep. 



h 


aai 
«3J 














Rain day and 
night. 


O 


24 














Rain till il> 
AM. 


J 
2 


2 21 
a6j 














Swamps fo full 
of water we 
could not pro- 
ceed. 


3 


27 
a8 


10 
Si 


A 


73 ©o • 
72 ~.C35 


420 


- 3*78 


+ 11,38 




V 


8| 
6 


M 
A 


54 — >©3 
6i| — ,02 


39* 


— 4>95 


— 4«°9 





$ 29 ....... . 

J A 7 ? 3 +,» lo8 + 5,94 + 3 47 



May 
© * 



2 



fi a ? ta 234 +.** -<* 



This- day we 
fouad the d»ft. 
between the 



,0 M 61 +,i*S a g8 + ~ n + 7>o6 42^ and 4 3 d 

3 A 82 +,02 J3 I feo I i!?A m,,e p0fts 3 

& 1 TSi + °7S ,eveIs and fr 



feet more than 
ufual between 
2 rnije pofls. 



Thtiitderftorm 
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This finifhed the line A B. rThe breadth of the rivers was found by 

Hence AB = n 696,47 levels +892,34 in-J meafuring a bafe, and taking angles with 
ches +94,51 inches=434ou,64<eet. I a Hadley's quadrant. 

Note. The reckoning was kept by ftretching a rope in the line to be meafured fin 
general) = 12 levels, which was often proved: and it was almoft irripoffible that an 
error could arife ; as we always began the rope with the fame level, and ended it with 
the other ; the rope not being removed till the laft level was fet. 

The perfon that ftretched the rope, fometimes Mr. Dixon, and fometimes mvfelf. 
kept the account of the number of ropes meafured : though the mile ports in the lines 
AB and DC were fufficient for that purpofe, as the lines had been fo often meafured 
before. 

In the line NP there were no mile ports, but two or three intermediate marks, which 
we found to agree in a general law with the levels. 

Suppofing the levels exadly =20 feet each ; then in the line NP a mile per chain 
meafure = a mile and 9,44 feet by the levels 5 and in the line CD a mile per chain 
meafure=a mile and 9,86 feet by the levels. 

Vol. LVIII. T t j 
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In the line AB, what the levels make more than tho chain, between the mile polls- 
is as follows. 



•Here appears to be an 
error of one chain =66 . 
feet, in. the chain mea-- 
fure, as obferved before, 

.p. 3 1 8, 



Hiles from 


Diff. in 


Miles from 


r Dlft In 


the point 


feet. 


Ac point 


feet. 


A. 




A. 




81 

80 


Hi } 


43 

42 


}» 


78 


30f 


40 


16 


7 6 


25 


39 


8 


75 


14 


38 


14. 


72 


43 


3 1 


I4 r 


70 


3 2 i 


36 


Hi 


66 


6/ 


35 


H 


65 


»5- 


34 


Hi 


63 


33 + 


3 i 


Hi 


61 


33l 


28 


79i 


60 


J6f 


27 


15 


59 


I5i 


25 


32 


58 


i6| 


24 


20f 


57 


Hi 


23 


14 


56 


15 


22 


"I 


55 


J3 


21 


I2| 


54 


I2| 


19 


22 


53 


IOf 


18 


Hi 


52 


"i 


15 


29 


5* 


II 


13 


«4f 


50 


»3 


12 


5 


49 


II 


10 


n| 


48 


9i 


9 


8 


47 


9i 


8 


7f 


45 


*7i 


6 


H 


44 


7 


4 


23 


43 


9i 


2 


13 









2I§ 



We took notice of thefe differences a* w* meafured from B r to A* always finding the 
miles greater by the chain meafure, by the quantity above, which fhews that the chain 
was continually extending itfelf by ufe } as we had direcV proof of, being obliged to 
contract it everyday, and re-adjwft it to its proper length by means of the ftandard 
chain. 
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To find the Latitude of the Point N. 
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Cha. Mafon. 
Jere. Dixon. 



The Length of a Degree of Latitude in the Province of Maryland arid 
Pennsylvania, deduced from the foregoing Operations $ by the 
Aftronomer Royal. 

'"p H E difference of latitude of the points N and A, or the amplitude of the celeftial 
J- arch, anfwering to the diltance between the parallels of latitude paffing through 
N and A, has been found by the fedor, page 306, to be i° a8' 4 5 ",o. The terreftrial 
meafure of the diftance of the faid parallels is next to be found. This is compofed Of 
the fum of the lines N P, C D, D^, arid AR, the laft mentioned line being the re- 
duction of A B to a meridian line paffing through A : therefore B R expreffes a parallel 
of latitude paffing through B. Let Bt be an arch of a great circle drawn perpendicular 
to the meridian line, A R producedi The triangle B At, on account of the fmallnefs 
of its iides with refpeft to the radius of the earth, and the fmallnefs of the angle B A / 
s 3 43 30" ma y he taken for a plane reftillnear triangle, in what follows, without 
any fenfible error, as will appear to any one who makes the trial. Therefore it will 
be, by proportion j as radius is to the cofine of the angle B A 7=3° 43' 5 " fo is 
A B=4 34 oii,6 Englilh feet, to A/= 4 3 3 o9 4 ,6 Englifh feet. But this is to be leffehed 
by the fmall quantity R t, or the diftance of the parallel circle B R from the great circle 
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B/, which is to a third proportional to the diameter of the earth and the line B R, as 
the tangent of the latitude of the point B, to the radius. Whence R/ = i5,8 feet 
which fubtracled from At juft found = 

433094,6 leaves AR = 433078,8 feet 

as found before \ D ^__ gg ? 

The fum is .... . = 538067 feet 

— an arch of meridian intercepted between the parallels of latitude paffing through the 
points N and A, anfwering to the celeftial arch i° 28' 45". 

Then fay, as i° 28' 45"; is to i° : : fo is 538067 feet, to 363763 Englifh feet, 
which is the length of a degree of latitude in the.provinces of Pennfylvania and Mary- 
land. The latitude of the Northernmoft point N, was determined from the zenith 
diftances of feveral ftars, fee page 323 = 39° 56' 19" and the latitude of the Souther- 
moft point A = 38° 27' 34". Therefore the mean latitude exprefted in degrees and 
minutes is =39" 12'. 

To reduce this meafure of a degree to the meafure of the Paris toife, it mud be 
premifed, that the meafure of the French foot was found upon a very accurate 
comparifon, made by Mr. Graham, of the toife of the Royal Academy of Sciences at 
Paris, with the Royal Society's brafs ftandard, to be to the Englifh foot, as 1 14 to 107. 
See Philofophical Tranfadr, Vol. XLII. p. 185. Therefore fay as 114: is to 107 : : fo 
is 363763 the meafure of the degree in Englifh feet, to 341427 the meafure of the 
degree in French feet, which divided by 6, the number of feet in a tcife, gives the 
length of the degree = 56904! Paris toifes, in the latitude 39° 12' North. 

Such is the length of a degree in this latitude, fuppofmg the five feet brafs ftandard 

made ufe of in this meafure to have been exactly adjufted to the length of the Royal 

Society's brafs ftandard. It was really adjufted by Mr. Bird, by his accurate brafs fcale 

of equal parts, which he makes fuch excellent ufe of in dividing aftronomical inftru- 

ments, and which is juft -rrrs-th part of an inch fhorter than the Royal Society's brafs 

ftandard upon a length of three feet. If one would take notice of fo fmall a difference, the 

length of a degree juft found muft be leffened by -rrsnnrth part, or by ten feet, in order 

to reduce it to the meafure of the Royal Society's ftandard. Since I am treating of fuch 

niceties, may it be allowed me to add, that the five feet brafs ftandard having been 

again compared with Mr. Bird's fcale, fince its return from North America, appeared 

both to myfelf and Mr. Bird to be juft -rsWh part of an inch fhorter than the fcale, 

upon that fide on which the hundredths of an inch are placed at one end, and -rrrs-s-ths 

of an inch fhorter than the fcale upon theoppofue fide ? which diminution of its length. 

is undoubtedly owing to the fmall wearing or battering which it has met with in the 

frequent ufe that was made of it. But the divided fide of the rod having been that 

which was made ufe of in meafuring the levels, is what is to be regarded in the prefent 

cafe. If one would allow for the wearing of the rod, one may fuppofe it to have fufter- 

ed a gradual diminution ; and then one muft take a mean between its firft length, which 

was the fame with Mr. Bird's fcale, and its prefent length, which is -r^Vs-th of an inch 

fhorter ; as one may fuppofe it a medium to have been -^Wh part of an inch fhorter 

than 
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than Mr. Bird's fcale ; on which account the length of the degree fhould be further 
diminished by -rt-J-o-sth part, or 3 feet, which added to 10 feet, the correction required 
on account of the difference of Mr. Bird's fcale and the Royal Society's ftandard, gives 
1 3 feet to be fubtracted from the length of the degree calculated above. The whole 
correction will perhaps be thought fcarce deferving of notice, efpecially as an error of 
only 1" in the celeftial meafure would produce an error of nolefs than 67 fe,et in the 
length of the degree. Moreover it is probable that the length of a degree ha3 been 
already taken 10 or 20 feet too fhort, by placing the point C too far to the Southward ; 
which would about balance the fmall correction in queftion. Therefore, all things 
being considered, the length of the degree may beftated as given above, viz. =363763 
Englifh feet or 56904! Paris toifes. It muft, however, be obferved, that the accuracy 
of this reduction into Paris toifes depends upon a fuppofition that the length of the 
French toife, which is of iron, was laid off by the gentlemen of the Royal Academy of 
Sciences, upon the brafs rod fent over to them for that purpofe by Mr. Graham (which 
was afterwards returned to him) j in a room where the heat of the air anfwered to 62 of 
Fahrenheit's thermometer, or 15 of Reaumur's, or nearly fo, which is probable 
enough, but is a point that does not appear to have been afcertained. For, on account 
of the difference of expanfion of brafs and iron ; 2 rods made of thofe metals, however 
accurately they may be made of equal lengths at firft, will only agree together after - 
wards in the fame temperature of the air in which they were originally adjufted toge- 
ther. It is fortunate that the uncertainty in the prefent cafe is but fmall, Since 20° 
difference of Fahrenheit's thermometer or io° of Reaumur's produces, according to 
Mr. Smeaton's experiments, a difference of the expanfions of brafs and iron of only 
-ryloTrth part, which would caufe an error of only 27 Englifh feet or about 4 Paris 
toifes in the length of the degree. 

It is however to be wiShed, that the proportion of lengths of the French and English 
meafures might be again afcertained by another careful experiment, in which the 
temperature of the air, as fhewn by the thermometer, might be noted at the time. 
[See the Map of the Country, where the foregoing Obfetvations were made, Tab. XIV ] 



POSTSCRIPT, by the ASTRONOMER ROYAL. 

HAV ING, fome time ago, acquainted M. De laLande, of the Royal Academy 
of Sciences at Paris, by letter, of this meafure of a degree of latitude in l^orth 
America, and at the fame time expreffed my doubts about the certainty of reducing it 
to French meafure, from the proportion of the Englifh to the French foot found by 
Mr. Graham ; principally becaufe no'notice had been taken of the height of the ther- 
mometer at Paris, when the length of the French iron toife was laid oft' upon the brafs 
rod fent thither by Mr. Graham, whence the proportion of the two meafures was af- 
terwards determined by him ; and having alfo mentioned my opinion of the expediency 
of making another experiment of the proportion of the two meafures, in which ewry 
neceflary circumftance mould be noted ; and that I might probably requeft the favour of M. 
De la Lande to take the trouble to caufe a French toife to be made for me, and to fee it ex- 
actly adjufted to their ftandard, and then fent to me j hehas bcenp'.eafed to lend me two 

toifes, 
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toifes, which he fays are cxa£Uy adjufted to the ftandard of the toife ufed by Meff. De k 
Condamine and Bouguer in the meafure of the degrees of latitude at Peru, in order to their 
being compared with theEnglifli meafure. This comparifon has been made by Mr. Bird, 
with his ufual accuracy, while 1 was prefent, and alfo examined the fame, fince my 
account of the length of the degree of latitude aforegoing was printed ; and therefult is, 
that the longed of the two toifes (for there is a fmall difference between them), and 
which has fince been marked with the letter A, is equal to 76*738 inches by Mr. Bird's 
brafs fcale of equal parts, and the ftiorteft toife, which is marked B, is = 7 6,7 35 inches 
by the fame fcale ; the height of Fahrenheit's thermometer in the room being 6:i de- 
grees. The mean of the lengths of the two toifes is therefore = 76,7365 inches by 
Mr. Bird's fcale. But Mr. Bird's fcale is T ^^th of an inch upon 3 feet morter than 
the Royal Society's brafs ftandard, and consequently - , oVs - p th too fhort for the fame, 
upon 76,7365 inches ; therefore _.^.*? tf ^.th of an inch mud be fubtracled from 76,7365; 
which leaves 76,7344 for the length of the Paris toife in meafures of the Royal So- 
ciety's brafs ftandard, in the temperature of 6i° of Fahrenheit's thermometer. In the 
temperature of 62 it will be a little fhorter ; or it may be taken = 76,734 inches in 
meafures of the Royal Society's brafs ftandard. This is ._..|*^.th or about ^.'-d of an 
inch longer than was determined by Mr. Graham's experiment. Hence it appears, 
that I was miftaken in fuppofing, in p. 325, that the uncertainty about the true pro- 
portion of the Englifti and French meafures was but fmall, fince the error in the for- 
mer determination now appears to have been T _^.th of the whole, or equivalent to 
what might have been produced by a difference of 84 of Fahrenheit's thermometer. 
Whence it arofe I cannot pretend to fay, neither is it very material to enquire ; but the 
fz& is plain, and fully juftifies the propriety of repeating the experiment. 

I lhall now ftate the length of the degree, meafured by Meffieurs Mafon and Dixon, 
luft in Englifli feet, according to the Royal Society's ftandard, and then reduced to 
the French meafure by the proportion juft eftablifhed. 

From 363763 Englifti feet, the length of the degree found by the 5 feet brafs 
ftandard, fee p, 324, I fubtracT: 10 feet for the difference between Mr. Bird's fcale 
and the Royal Society's ftandard, and 3 feet for the wearing of the brafs rod; and there 
remain 363750 feet, according to the Royal Society's ftandard, for the length of the 
degree. But to this it fcems proper to add 21 feet, in order to correct the pofition of 
the point C, determined by the fe&or, whidi cattrmt be fo certain as that inferred from 
the azimuth of the line PS. See p. 279. Therefore the true length of the degree, 
according to the Royal Society's brafs ftandard, in the temperature of 62 of Fahrenheit's 
thermometer, is 363771 feet, or 68,8960 Englifti ftature miles. To reduce this to the 
meafure of the Paris toife, by the proportion above eftabliflied, fay as 76,734 is to 72, 
fo is 363771 to 341328 French feet, or 56888 Paris toifes, of the ftandard of that ufed 
in the meafure of the degrees of the meridian at Peru. 

The method made ufe of by Mr. Bird, in finding the length of the toifes by his fcale, 
was as follows, which may ferve as a direction for the like purpofe on any future oc- 
casion. Two brafs pins were drove into a ftrong deal board 4 inches thick, and longer 
thSh the toife ; and two brafs cheeks were made very fquare, and the ends brought upon 
the pins. The toife was then put in between the cheeks, one of which was made to 
Aide fo as to be eafily brought into contact with the end of the toife, and the other end 
? at 
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at the fame time touching the other cheek, the moveable check was fcrewed faft ; and 
thus the toife was exactly contained between the cheeks without any fliake, and it is 
evident that the interval between the cheeks was exactly equal to the length of the toife. 
Itt order to meafure this interval, the toife being taken away, very tine lines were 
drawn with a fine point, at the end of each cheek, upon the brafs pins which were in 
the fame plain with the board : then the cheeks were removed, and fine points made 
at the outer extremity of each line, and this diftance being taken between the fine 
points of a beam compafs, was transferred to the fcale, and thus the length of the toife 
was found in meafures of the fcale, which is divided by a vernier to thoufandths of an 
inch. The toifes and brafs fcale had been left together in the fame room, and near 
one another all the night before, and till the very time of making the comparifon of the 
toifes with the fcale, in order to be fure that they were all affected with the fame de- 
gree of heat. 

As it may be agreeable to the reader to fee the refult of the principal meafures of 
degrees of latitude, that have been taken with latqr instruments and proper accuracy, 
brought together into one view, the following table is here added. 



Length ot a 

degree in 
Paris toifes. 


Mean 
latitude. 


Names of the obfefvers. 


Years in which 

the degrees were 

meafured. 


57422 
57074 
57091 
57028 
57069 

5 6 979 
56888 

5 6 75° 
.... 57037 


6b u 20' N 

49 23 N 

47 40 N 

45 N 

44 44 N 
4.3 N 

39 12 N 
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M. de Maupertuis, &c. and M. Caflini 

Le Pere Bofcowich and Le Mairc 
MelT. Mafon and Dixon . . . 
M. Bouguer and My de la Condamine 
Abbe de La Caille .... 


1736 and 1737 

1739 and 1740 

1768 

1739 and j 740 

1768 

175* 

1764 to 1768 

1736 to 1743 

1752 



If this degree be compared with the degree meafured at the equator = 56750. toifes, 
in the hypothefis of the earth's being an oblate fpheroid, the ratio of the equatorial to 
the polar diameter will come out as 49410493. But, if it be compared with the 
degree meafured in Laplandy, in the latitude 66* 2<s', = 574i9 toifes (I have fubtracted 
3 toifes, becaufe the toife ufed in Laplandy was ^th or a *^th of a line lefs than the 
toife ufed in Peru, fee M. De la Lande's Aftronomy, Article 2107), the ratio of the 
diameters will be as. 142 to 141. The great difference of thefe refults is a frefh proof 
of what has appeared from the comparifon of the meafures of the feveral degrees taken 
before, either that the figures of the meridians are not accurately elliptical, or that the 
inequalities of the Earth's furface have a confiderable effed in deflecting the plumb- 
line from its true fituation, or both. I had indeed fuppofed that any deflections of the 
plumb-line were not to be feared with refpect to this particular meafure of a degree, at 
the end of my Introduction to Meffieurs Mafon and Dixon's account of the fame, by 

arguing 
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arguing, perhaps too far, from the level difpofition of the country through which the de- 
gree paffes. But the Honourable Mr. Henry Cavendifh has fince confidercd this mat- 
ter more minutely; and having mathematically inveftigated feveral rules for finding the 
attraction of the inequalities of the Earth, has, upon probable fuppofiticns of the 
diftance and height of the Allegany mountains from the degree meafured, and the 
depth and declivity of the Atlantic ocean, computed what alteration might be produced 
in the length of the degree, from the attraction of the faid hills, and the defect of at- 
traction of the Atlantic ; and finds the degree may have been diminifhed by 60 or 100 
toifes from thefe caufes. He has alfo found, by fimilar calculations, that the degrees 
meafured in Italy, and at the Cape of Good Hope, may be very fenfibly affected by 
the attraction of hills, and defect of the attraction of the Mediterranean Sea and Indian 
Ocean. 

The rules, which I ufed in calculating the ratio of the equatorial diameter to the po- 
lar axis, from the North American degree, compared with thofe meafured in Peru and 
Laplandy, are thofe given by Mr. John Robertfon, Librarian to the Royal Society, in 
his Elements of Navigation, p. 597, as deduced by him from Dr. Letherland's Geo- 
metrical Analyfis of the problem, which he has alfo given to the public in the fame 
place, together with fome other problems depending upon it, which were neceffary to 
complete the fubject. 
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